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Multilayer Coatings For EUV Mask Substrates 

TECHNICAL FIELD 



The current disclosure relates to semiconductor processing, and more particularly to 
Extreme Ultraviolet (EUV) lithography. 

BACKGROUND 

5 The growth of new applications in computer processing, digital and analog signal 

transmissions, and wireline and wireless equipment has lead to trends of smaller feature sizes 
and an increasing number of devices on semiconductor wafer. In order to form smaller feature 
sizes on a semiconductor wafer, shorter wavelengths are oftentimes utilized in lithography. 
During semiconductor processing, short wavelengths for small feature sizes may be produced 

10 using lithography with Extreme Ultraviolet (EUV) radiation. Radiation from the EUV portion of 
the electromagnetic spectrum may be different from radiation in the visible and UV wavelength 
ranges in that EUV radiation has shorter wavelengths and EUV radiation may be absorbed in 
many refractive optical materials. EUV lithography oftentimes uses reflective optical materials 
instead of refractive optical materials. Such reflective materials may be achieved with 

15 multilayer, thin- film coatings that may serve as a Bragg reflector for EUV radiation. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram of an exemplary EUV reflective mask blank. 
FIG 2 is a diagram of an exemplary EUV reflective mask. 
FIG. 3 is a processing flow diagram for an exemplary EUV mask blank. 
20 FIG 4 is an illustrative processing diagram for an exemplary EUV reflective mask. 

FIG 5 shows an exemplary EUV system. 

Like reference symbols in the various drawings may indicate like elements. 



DETAILED DESCRIPTION 

The current disclosure includes techniques, systems, and methods for reducing defects in 
25 EUV masks and EUV mask blanks. 
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When compared to conventional optical lithography, EUV lithography may help to 
produce smaller feature sizes on a wafer by using shorter wavelengths. For instance EUV 
wavelengths may range from about Inm - 40nm, with EUV lithography wavelengths ranging 
around lOnm -14mn in certain implementations. Since EUV radiation is at a wavelength that is 
5 absorbed in many materials, a reflective mask may be used to replace a conventional optical 
transmission mask used in many conventional optical lithography processes at longer 
wavelengths. EUV lithography uses a mask structure to reflect patterned EUV radiation onto a 
semiconductor wafer. The EUV reflective mask may include one or more layers that are 
reflective to EUV radiation. The reflective layers may be multiple alternating layers with 

10 different optical properties for each alternating layer. The alternating layers may be shown as 
layer pairs or bi-layers in one or more exemplary figures in the present disclosure. Such 
reflective layers may include alternating thin film layers of Molybdenum and Silicon (Mo/Si) or 
Molybdenum and Beryllium (Mo/Be). The reflective layers may also include alternating thin 
film layers of Molybdenum and a Silicon compound, such as Silicon Nitride (SiN) and SiUcon 

15 Dioxide (Si02). The alternating layers have dissimilar EUV optical constants and form a 
periodic structure to provide a resonant reflectivity when the Bragg resonant condition is 
satisfied. The EUV radiation reflection may be distributed among several alternating layers or 
multilayers of thin films, much like a Bragg reflector. 

In one exemplary implementation, a method comprises using ion beam deposition to 

20 deposit a first multilayer stack of thin films on a substrate to planarize and smooth surface 

defects on the substrate. The method also comprises using atomic layer deposition to deposit a 
second multilayer stack of thin films on the first multilayer stack of thin films, in which the 
second multilayer stack of thin films comprises an extreme ultraviolet reflective multilayer stack. 
In another exemplary implementation, an apparatus may comprise a substrate, a first 

25 multilayer of films on top of the substrate, and a second multilayer of films on top of the first 

multilayer of films. The first multilayer of films on the substrate may form a flat top surface by a 
first deposition process. The second multilayer of films may effectuate a Bragg reflector to 
reflect extreme ultraviolet radiation. The second multilayer of films may be deposited with a 
second deposition process. The first deposition process may be an ion beam deposition process, 

30 and the second deposition process may be an atomic layer deposition process. The multiple 
layers of films may comprise alternating layers of films, in which the alternating layers of films 
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comprise a first film and a second film with different optical properties. The multiple layers of 
films may comprise multiple layers of thin films. Other features and advantages of one or more 
exemplary implementations will be apparent from the description and drawings, and from the 
claims. 

5 Fig. 1 shows an example of an exemplary mask blank 100. As used herein, a mask blank 

100 may refer to a substrate 112 with one or more unpattemed multilayers 114 of thin films, in 
which at least one of the unpattemed multilayers of thin films may be used for reflecting EUV 
radiation. A mask may refer to a mask blank 100 with one or more patterned layers on top of the 
mask blank 1 00. The substrate 112 may refer to a low thermal expansion material, such as glass. 

10 The multilayer stack 114 may include alternating layers of thin films, such as a Molybdenum 
layer 102 and a Silicon layer 104. In general, the Molybdenum layer 102 may be around 2.8nm 
in thickness and the Silicon layer 104 may be around 4.0nm or 4.1nm in thickness. The 
thicknesses of the layers 102, 104 may vary from the thicknesses described above. 

As in a Bragg reflector, a number of layers in a multilayer stack can improve reflectivity. 

15 Typically, around 40 to 60 alternating layers can provide a sufficient amount of reflection for 
EUV lithography. 

The multilayers 114 may be deposited with ion beam deposition or another type of high 
precision sputtering system. Ion beam deposition has a beneficial property of smoothing defects 
of 50nm or smaller on the substrate 1 12. Hence, ion beam deposition may smooth and planarize 

20 the layers above the substrate 112 used for the EUV mask or mask blank. However, ion beam 
deposition tends to lead to defects on the surface of the deposited layer. In one example, a beam 
of Molybdenum ions/atoms may collide and entrap particles in the ion beam deposition chamber 
and carry those particles to the deposited layer to contribute to surface defects and a non- 
planarized surface. Such surface defects may detrimentally affect the reflectivity of an EUV 

25 mask. 

In one regard, the present disclosure presents techniques, systems, and methods to reduce 
the amount of defects associated with reflective multilayers for EUV masks and mask blanks. In 
another regard, the present disclosure presents techniques, systems, and methods to improve 
EUV radiation reflectivity by smoothing and planarizing reflective multilayers above a mask 
30 substrate with defects. 
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Fig. 2 shows an exemplary implementation of an EUV mask 200. In the EUV mask 200, 
a first multilayer stack 1 14 of Molybdenum and Silicon thin films may be deposited on a 
substrate 112 with ion beam deposition. A second multilayer stack 116 of Molybdenum and 
Silicon thin films may be deposited with atomic layer deposition (ALD) on top of the first 

5 multilayer stack 1 14. A buffer layer 1 1 8 or an oxide layer, such as SiN or Si02, may be patterned 
on the second multilayer stack 1 16. A layer 120 that absorbs EUV radiation, such as a layer 
made of an absorber metal, may be patterned on the buffer layer 1 1 8 according to an integrated 
circuit (IC) design. The patterned absorber layer 120 selectively absorbs the EUV radiation 122 
to produce an intensity pattern on the reflected EUV beam. The first multilayer stack 1 14 may 

10 be used to smooth substrate defects and the second multilayer stack 116 may provide a smooth 
and flat reflective surface for EUV radiation 122. 

Atomic layer deposition may be an alternative method for the deposition of thin films. In 
atomic layer deposition the amount of defects in deposited layers may be much lower than layers 
deposited with ion beam deposition. Atomic layer deposition may generate fewer defects since 

15 the deposition is performed in an ultra-high vacuum environment that does not contain as many 
unwanted particles as in ion beam deposition. Unlike ion beam deposition, atomic layer 
deposition may tend to conformally coat a surface and may not tend to smooth or planarize 
substrate defects. 

In Fig. 2, the mask 200 may use ion beam deposition of the multilayer stack 1 14 to 
20 smooth substrate defects. In general, around 20-40 alternating layers of Molybdenum and 

Silicon thin films 1 14 may be used for smoothing and planarization. The number of alternating 
layers, layer pairs, or bi-layers of thin films may have other numbers of alternating layers other 
than around 20-40 alternating layers. Since the multilayer stack 114 does not need to be used for 
reflectivity, the number of alternating layers may depend, in part, on the number of layers needed 
25 for smoothing the substrate defects. 

The multilayer stack 1 16 coated with atomic layer deposition may be used for EUV 
radiation reflectivity and may provide one or more lithography advantages due to low defect 
levels in atomic layer deposition coatings. In general, around 40-60 alternating layers of 
Molybdenum and Silicon thin films 1 16 may be used for EUV radiation reflectivity. The 
30 number of alternating layers, layer pairs, or bi-layers, however, may vary fi-om 40-60 alternating 
layers, but should provide EUV radiation reflectivity. 
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Fig. 3 presents a processing flow diagram for an exemplary EUV mask blank. A first 
multilayer stack 1 14 may be deposited 320 on a substrate using ion beam deposition. The first 
multilayer stack 1 14 can planarize and smooth surface defects on the substrate. A second 
multilayer stack 116 may be deposited 330 on the first multilayer stack using atomic layer 

5 deposition. The second multilayer stack 1 16 may provide EUV radiation reflectivity. The EUV 
mask blank may then be further processed and pattemed 340 to form an EUV mask. 

Fig. 4 presents an illustrative processing diagram for an exemplary EUV reflective mask. 
The processed EUV mask blank described in Fig. 3 may be fiirther processed as shown in Fig. 4 
to form an EUV mask. The processed EUV mask of Fig. 4 may resemble the EUV mask 200 of 

10 Fig. 2. 

In Fig. 4, the mask blank may have a buffer layer deposited 412 on the second multilayer 
stack 1 16. The buffer layer 118 may be an oxide, such as Si02. An absorber layer 120, such as a 
layer of EUV absorber metal, may be deposited on the buffer layer 1 18. A layer of resist may be 
deposited on the absorber layer 120. The layer of resist may then be pattemed and developed 

1 5 430. After resist patterning, the absorber layer 1 20 may then be pattemed and/or etched 440. 
The resist layer may be removed 450 and the buffer layer 1 1 8 may then be pattemed and/or 
etched 460 to expose the reflective surface of the second multilayer stack 116. 

Fig. 5 shows an exemplary EUV system using the EUV reflective mask 530 described 
above. EUV radiation can be generated with an EUV source 5 10. hi one implementation, the 

20 EUV source 5 1 0 may include a material that produces broad band radiation, including EUV 
radiation, in response to a laser pump beam. The EUV radiation can be guided through a first 
reflective guiding module 520 onto the EUV mask 530. The first reflective guiding module 520 
may include condenser optics to help guide the EUV radiation to the EUV mask 530. The EUV 
mask 530 may be a pattemed EUV mask 530 as shown in Fig. 4. Reflected EUV radiation from 

25 the EUV mask 530 may be transferred through a second reflective guiding module 540 to project 
an IC pattern onto a substrate 550. Both the first and second guiding modules 520, 540 may 
have multiple reflective surfaces to guide EUV radiation. 

In a similar system implementation, a system comprises an extreme ulti-aviolet (EUV) 
source (e.g., 510) to produce extreme ultraviolet radiation, and a first reflective guiding module 

30 (e.g., 520) to receive and direct the extreme ultraviolet radiation. The system also includes an 
extreme ultraviolet mask (e.g., 530) to reflect the extreme ultraviolet radiation from the first 
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reflective guiding module (e.g., 520) and produce reflected radiation having a spatial pattern to a 
second reflective guiding module (e.g., 540). The system further includes a substrate platform 
(e.g., 560) to position and hold a substrate for exposure to the reflected radiation from the second 
reflective guiding module (e.g., 540). The extreme ultraviolet mask (e.g., 530) may comprise a 

5 first multilayer of thin films (e.g., 1 14 in Fig. 2) to smooth surface defects on a extreme 

ultraviolet mask substrate, and a second multilayer of thin films (e.g., 1 16 in Fig, 2) comprising a 
reflective multilayer for extreme ultraviolet radiation. The second multilayer of thin films may 
be on top of the first multilayer of thin films, and the second multilayer of thin films may be 
deposited with atomic layer deposition (e.g., 1 16 in Fig. 2). 

10 A number of implementations of the current disclosure have been described. 

Nevertheless, it will be understood that various modifications may be made without departing 
from the spirit and scope of the current disclosure. For example, an EUV mask with a first 
smoothing multilayer 114 and a second reflective multilayer 116 with fewer defects may be 
developed or processed differently from the processing described and shown in relation to Figs. 

15 3-4. In another example, the types of reflective multilayers may include different types of 

multilayers than the multilayers described above. For instance, either of the multilayers 114, 116 
may include other alternating layers of EUV-type materials. Accordingly, other implementations 
are within the scope of the following claims. 
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